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MANETs fail due to localized decision-making 

Solitary 
Individuals 

Collaborative 
Crowd 

instead of 
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Presenter
Presentation Notes
MANETs fail due to globally inefficient decisions. Typically, a given MANET resource does not know all there needs to be known about the rest of the network to make the best decisions. And even if the knowledge were somehow available to a resource, it would only be valid for that instant in time. All stakeholders need to collaborate.
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Ideal world: information is automatically matched between 
producer and consumer 
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 Participants are selfish and myopic 
 
 Sender is the primary Decider 

 
 Process is rigid and linear 
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Reality is different 
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Presenter
Presentation Notes
There is no Easy button to optimally connect information producers with information consumers, so protocols in real networks approximate the ideal state. With any approximation, there are tradeoffs. While these tradeoffs are generally acceptable in traditional networks, they are exacerbated by the characteristics of a MANET.
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 Pro: allows local optimization and distributed 
computation 
 
 Con: leads to global inefficiencies 
 Especially bad for low resource and dynamic MANETs 
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Participants are selfish and myopic 
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Who to send to 
 
 How to send 

 
What to send 
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Sender is the primary Decider 
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Presenter
Presentation Notes
Receiver may offer application-level guidance to sender, but the sender initiates transmission with selected parameters.Error control and flow control at each level is sender-centric.
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1. Seller announces goods 
2. Customer selects goods 
3. Seller initiates transmission 
4. Network implements transmission 
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Process is rigid and linear 

Waterfall 
anyone? 
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Presenter
Presentation Notes
Like a waterfall. Waterfall works when there is adequate handoff and little need to step back and revisit a prior phase. Just as in software development, the process for information transmission isn’t always linear. Agile development is the hip thing because in real-life, there is not a sharp dividing line between phases. The same is true here.



of  16 

1. Netflix and other vendors publicize their videos 
and prices 
 

2. Viewer selects Avengers from NetFlix 
 

3. NetFlix begins streaming from its CDN 
 

4. Packets are sent from CDN to viewer’s  
IP address 
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Example: video streaming 
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Presenter
Presentation Notes
What if viewer was wiling to watch a different superhero movie from Redbox Instant if it were offered as a free promotion?What if Netflix could charge more because it was the only vendor that could stream Avengers with the required QoS to this viewer?What if the network could redirect data packets to a higher latency path (satisfying QoS requirements) to allow for additional capacity on the primary low latency path?
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1. Sensor network broadcasts  
availability of new data 
 

2. Warfighter requests data 
 

3. Sensor network sends data 
 

4. Packets are sent from sensor network via multiple 
intermediate networks (e.g., airborne network, 
ground radio network) 
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Example: consumption of sensor data 
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Presenter
Presentation Notes
What if Warfighter was wiling to accept lower resolution data if it could be received more quickly?What if the sensor network could redirect its sensors if demand for certain data required a different sensor configuration?What if the network could redirect data packets to a higher latency path (satisfying QoS requirements) to allow for additional capacity on the primary low latency path?What if airborne network link is jammed during transmission?What if Warfighter moves to a different ground radio network during transmission?
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 Make the best decision given available knowledge 
 
 Let all of the participants contribute to the decision-

making process 
 
 Adapt over time 
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Challenge: find optimal solution for all participants 
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Presenter
Presentation Notes
We need to find a way to efficiently aggregate the needs of the consumers with the products of the sellers and the capabilities of the intermediaries.
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 Marketplace facilitates emergent behavior from 
selfish participants 
 
 
 
 
 Multiple resources (e.g., bandwidth, CPU, power) 

can be optimized and exchanged simultaneously 
 
 Marketplace automatically adapts to changes 

 
 Multiple marketplaces provide flexibility 
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Solution: artificial marketplace 
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Presenter
Presentation Notes
Multiple resources allow future-proofing as resource availability changes over time and different tradeoffs can be made.
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 Multiple network resources (e.g., CPU, bandwidth, 
power) can be simultaneously optimized 
 
 Resources can be traded off each other 
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Multiple resource market for multivariate optimization 
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Presenter
Presentation Notes
Multiple resources allow future-proofing as resource availability changes over time and different tradeoffs can be made.
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 Changing mission priorities and resource availability 
can be modeled by adding/removing currency 
 
 Network resources (e.g., sensors, computers, radios, 

Warfighters) can join and leave 
 
 Quickly finds new solutions 
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Market adapts to changes 
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 Provide resilience to network changes 
 
 Distribute computation 

 
 Minimize overhead because  

the impact of local decisions  
can mostly be kept local 
 
 Incurs some cost due to market inefficiencies 
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Distributed markets provide flexibility 
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 Principles of economic theory developed over time 
 
 Artificial market embodies economic principles 

without the complications of the real world 
 
 Successfully applied to dynamic optimization of 

radar assets, sensors, and network resources 
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Based on market principles 
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 Allows globally optimal behavior to emerge from 
local optimization 
 
 Adapts to changing MANET conditions 

 
 Provides resiliency 
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Market-based approach to resource management 
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Charles River Analytics Points of Contact 
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Curt Wu 
Chief Software Engineer 

617.491.3474 Ext. 564 
cwu@cra.com 

Scott Neal Reilly 
Division VP, Decision Management 

617.491.3474 Ext. 542 
snealreilly@cra.com 
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